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(54) HOT-DIP GALVANIZED SHEET STEEL WITH HIGH DUCTILITY SUPERIOR IN PRESS 
FORMABIUTY AND STRAIN AGING HARDENING CHARACTERISTICS, AND 
MANUFACTURING METHOD THEREOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hot-dip 
galvanized sheet steel superior in press formability and 
strain aging hardening characteristics, and a 
manufacturing method therefor. 
SOLUTION: A steel slab for cold-rolled steel sheet 
includes 0.20% or less C, 2.0% or less Si, 3.0% or less Mn, 
appropriately controlled amounts of P, S, Al, and N, and 
further 0.5-3.0% Cu f or one or more of Mo, Cr, and W of 
2.0% or less in total.^The hot-dip galvanized steel sheet 
comprises employing the above steel slab as a blank, hot 
rolling or cold rolling it into a steel sheet, subjecting it to 
a primary heat treatment of heating to Ac1 
transformation temperature and then quanching, and to a 
secondary heat treatment of heating to the range of 
Ac1-Ac3 transformation temperature, and then hot-dip 
galvanizing it. Thereby, the steel sheet has a composite 
structure consisting of a ferrite phase and a tempered 
martensite phase as a main phase, and a retained 
austenite phase of 1% or more by volume factor as a 

secondary phase, and obtains superior press formability and such superior strain aging 
hardening characteristics as to show 80 MPa or more of A TS. 
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(54) Bgigco^] ^UX^1±t^^p^^ft(-«n/ti^ft^»MIB©o Sffl^cfc^cDKiS^S 



(57) mm 

C : 0.20%WTv Si : 2.0 %UT. Mn : 3. 
0 %JKT*$#, P, S, Ah N*ai*fc:SffiU * 
?)tCu:0.5 -3.0 %, SfcteMo. Ci\ WOd^CDia 

s « 2 aJM±*-&w-T?2 . o % uT-stsmx => y^mu 
Ac. s<gj£~ Aa mm&<D^KtiQm-?z^Rmm 

fi^ttt ATS: 80MPa U±\cr s ^n%W\m 
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f 3, ^UXjjS^tttgft, ATS : 80MPa &.±lc 

So 

mxmzi mmfatiK nm%r\ io 

C : 0.20%«T, Si : 2.0 %VJLT, 

Mn:3.0 %i^Ts P :o.l %&TF, 

S :0.02%J^T, Al : 0.3 %J^~K 

N : 0.02%I^T, Cu : 0,5 -3.0 

IB A p- C » <0 o %<D 1 S$ fcfcj: 2 SJW±*^rf 3 C 

IB 

A$ :Ni : 2.0 KJfiTF 

B3¥:Ci\ lto©5-6Olffl$fett2a%^-p2.0 %JW 
T 

Ci¥:Nb, Ti, V©5-60iaSfct4 2aJM±*-&tt-p 
0.2 %JMT 

C : 0.20%#"R Si : 2.0 %WT, 

Hn:3.0.%JWT, P:0.l%tTF, 30 

S : 0.02%WTx Al : 0.3 %&TF, 

N : 0.02%JWT*S*, Mo : 0.05-2.0 %, C 

r: 0.05-2.0 %, W : 0.05—2.0 %'(D d *>i>^Ml£n 
fel«*fctt2»eU:*^SfT2.0 %«T£*fU ?£SE 

So 

BU*E5] iufBffij£k:;ta*.T£5k:, KM%r\ n 

b, Ti, .VO3-5Oia*fea:2gtU:*-&|f-p0.2 % 

[»*«6] nm%r\ 

C:0.20%tiT, Si:2.0%WT, 
Mn:3.0 %WT, P :0.1 %&T, 

S : 0.02%WT, Al : 0.3 %^T> 

N : 0.02%tTF, Cu : 0.5 -3.0 %* 

#tyffi^c*#-r^SI«{c, Ac.aJSjS«J:<MafitftiS» 
tfc©^3ll?&fS-^»ftSXS*SfiLfc<D%, (Ac, 
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fS, ybXjsgJgttfcSn, AOATS :80MPaJ«±£ 

©SBfim 

[H5f<^7] MfB-^Maxg^tulB-^MSI 

m 1 1 a mxm 6 tfBm<D^Ett}§i6M^46 o *i«g© 
s^ss-f c «h t a mxm 6 s £ a i k% m<om 

C : 0.20%«Tn Si : 2.0 %WT, 

Mn : 3.0 %VCF, P : 0.1 %J£CF, 

S : 0.02%£TF, Al : 0.3 %SHT. 

N : 0.02%£TF*^#* S5t, Mo : 0.05-2.0 % x C 
r : 0.05-2.0 W : 0.05—2.0 %<Oo ^^miiti 
tc 1 m^tc\t 2 «£U:*-&9M?2.0 %UT# ; fr-r affifig 

[000 1] 

[0002] 4fc\ *^T*i^i^s#i8®ta, &m 

(TS) (E 1) <Ds^>X (TSXE1) 3^19 

fc, *^T'^9@46T^:t4S^®fb#tt, -T4t> 
■fe rs^aSfk#1Stflinaj ttt, ATS :80MPa « 

150 -350 V(Dtm<DE&-v&mzm:2Qs&± 
AYs.= -o«!aaa©ifif(«s*) - c^»«fflia<ojst 

[0 003] 



3 

[0 0 0 4] £fc»i£T«, »^S#£fiiM£&H-r-5fc 
46, giWm**©£:£14#S*I£ft, ^©fciMCffi^Bf 

ft, 5&«flfcfc-3fcB$j6fcH\ 3SSA^iS<TB«»#tt 

[0 0 0 5] c©J:34SIIC»U ^"UXiSJgttfcK 
SfiSft fc *P5£2 fc»«tf IBIS* ftfc„ c OffiEtt, 
yuxisaxmc ioo~ 20o e co«^}f^#tfMgji{v)- 
iasss-f fc iw*i&&au:jM- s £«&#«ftswHfi-efc 

wmm&va. ®ftjs*«±#£#3cfc#T*t3fc<D 

[0 0 0 6] g:fc, 4#£¥5-24979^$g{ai, C : 0. 
08-0.20%, Mn: 1.5 -3.5 %£#^, StS|5Fefc<ktPF 

MEtfll7R£*lTV3. 5-24979*t&fHfc:E*S 

nfe?&g««tt, 3gi^m^^a3®ST-4oo -200 °c 

©SgSSBSrt^U ^©M&^fcTSiifcfcJ:'), ffl 

[0 0 0 7] Ifrlfttf & % #4M z 5-24979#^«tE 
»£ftfcii«T'fct, SlffiRMWatBttfS**«±# L; 

S^fi<D(Rl±^f§T*# fc <^ ? Pr3® fco 71" 

[0 0 0 8] #J*fcf, »4^F8-23048^«Ktt, C : 
0.02-0.13%, Si : 2.0 %«T, Hn : 0.6 -2.5 %, so . 
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1.A1 : 0.10%«~K N : 0.0080~0.0250%*#trfPI*, 
U00°C&L±lCftjxmi,. 850 —950 'CT*ti:±EM%&7 
TSMEE^SIU Oi/^T'lSIC/sI^CD^iiST 
150 °C*^as$T^inb#^t), 7x7^hi:v;l/ 

ii7JjfeWSfg£ftTt^3 0 LfrL&tfS, #£¥8-230 

4m£mcsm-$rirc&ffiT'®M2ntcmmt. mm® 
©, 150 tt&£i>?mibTm,*w&m&-&£i*m&tc 

fcf5of?#*sK % *e,t, ft&tfm (A) ^{g<, # 

^*77> ->*iPXtt A^fgT L 7 bX^Jgtt tf^Sf 3 fc ^ 

sfsgfc&ofco 

_[0 0 0 9] -73, ilMM^Sfi, *BaHftl£«fcoTtt 

t®ffl*n§*#tct±„ rgisssa46otii«*W3iT-s 

J: t) M L < BSftT 5 &Hk£tt& o # Mfi jb*gS £ ft T t ^ 
20 3<, C<0J;-5asaiC»U 0J*.fcf, #1^2802513 # 
3»Sfi*i&otSSfc-r5»»S<Si6t>t* 
S©«Jfi^S«<ffi3S«ftT«,^ 0 £©75?£f±, C :0.05 
%JM~F\ Mn : 0.05-0.5 %, Al : 0.1 %JWT, Cu : 0.8 

~2.o o/oZ^tsmx^yzmw&m : 530 vuTv&ft 

«as^S7t;Lfc©-fe, jg^ffilSJ&ot^-rcfcfcrj: 

ffi&'&mmmcz *>m L\,mt*mzrctbM±^ mom 
30 iag*5oo tJWJifc-rs^A^t), ^saasje*^ 

[0 0 10] $7c, WM^lO-310824 ^fSKtt, 

S!ji75rj4A^^*ftTV^o coftmt, c :o.oi~o. 
08%^:^, Si, «n, P, S, Al, N^IElfc Lfc-5 
Cr, W, MoO ia*fctt2«fiU:*-&H-z?o.05~ 

3.0 %^tzm*mmEMi,rc<D%, &zmt-gc>ic 

40 o#*ffl/\ tD*V^fb©a^-rfcV>5fe© ' 

T'S§ 0 C©SSS«, Jfi«»» 200 -450 °C(DUmmX' 
tumtzt fc k: J: 0 g l5S^*±^#^ft§ fc £ft 5 0 
L*»L4*»6, '#e,ftfcilStt, S^affl^, 7i7 

hffliST-;fc3fc46, ^^siftA^#e,ft-r\ ^ 

[0 0 1 1 ] 

@46T^i/^*A^§t*>A^t>e>-r\ Cft CO 
50 1ttt**£-rS««*IilWlC^LT«ifi^-satlS3y 
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[0 0 12] 

m^.m^^y b^^xsmm^)ly L y^ 
^ bmfrz%5±ffi£. #m^T- 1 %&L±(omg*-x 

twiiio, cr, \N<D5%frz>Mi£nrcim£rciz2My.± 
mm 1 150 rtLt35o "G^T^K^fi^sa^Ma 

[0013] $-r\ *isB^#6^fTo tcmm.m £ mm^ 
md^xmwtz* nm%x\ c : o.os%, si : 0.5 

%, Mn : 2.0 %, P : 0.01%, S : 0.004 %, Al : 0.04 
%, N : 0.002 %£##U Cu^0.3 %t\.3 

•rsfij«*^rrs">- h^-icoi^r, i25ot£;bD$s- 

fttff®*l7i§£tf 900 °C t &3 ct 9 K 3 
E@£f7oT®JP4.0 mmtLTco fcfc, {fc±EE3£*l7 30 

3-r;l/#5^5!iai:LT600 °C>< 1 hO^gffi^SO, 
a^SSLfCo 5I2«#, 70%O?&|fflffi5E*JBLT«J?l. 
2 mBOJfcgSfcLfc,, -31/ tnt.O!tiSt, 900 

"c^imaa— ±9s»ufc«, '3o°c/s ©JtassT-^ai-r-s 

©g?«&c «^<ois*-e3WMka*ttLfc»,- 450 ~ 
500 ic©igfiigEs-e«i?feL, oi^t\ mmmmtb-oz® 
(o.i3aa%Ai-zn ?@) tsaiLT, gwicmmmstb 

ic, 450 ~55o°c<r)^m^micmamu mmse&tb-? 

%B(D'£r&{mm (46o#Sfp©Fe#W^ : ^10%) £ 

[0014] f§6tifcjfflBffilBii>ofraMg»«:ot>T» ?l 
3MK»*HftL5l3Hftt*SiaELfco ^ti5>jg 

T'50-350 Xx20min ©«ygyi*SSLfc©5, €l3g£CR 

%^siL§i!i^i±**i6fco mmnmmmt, mam 50 
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- C?£J&fflg!&<03l3BB£TS) } fcLfe.-ft^ 319 

vomt. j is 54§§i'sst»fr*fflt^TiiftLfc„ 
[0 0 1 5] m 1 1, ats t-%mmmr&m<Dmmz 

ts£l£-rCu-$%m<D&W%:^to ATS«, %<b 

5%©^»5aa^fiSL > Ot^T*250 °Cx20min CDgS® 
a^MLfe^lSM^HSSLT^fco HlfrS* Cu 

«k:-rscfct«t»), ATS : 80MPa kLfcilt/^iS^ai 

#0.3 JM%<D«£fcH\ ^fnO-MMIiStT 
t ATS :80MPa Sl/^B#3aS{b#tt« 

[001 6] 01^5, cu^mzwiEmmtL, 71 
t s -^Mumsm^wo 'c t Ltc-t&itmm&gi 

Jg^S^SSL, Ol,^T-50~350 o Cx20min ©^S^rgfi 
[0 0 17] H2*»5, ATStt, ^ajgjaa»©j»fii 

CB< ^MSaSA^150 *C1-X±T'A T S : 80MPa £JL±£ 

73, cu#*a^o.3 KM%©^-a-tc«, v^-f tioi»jQa 

SfiTfe, ATS :80MPa *}ST*^t), AV^S^t&Rft; 

[0018] *%B^©^i^si46o#^«T'{±, am© 

£t)t>^WmT°<D^m£, 150 °C1^±350 tWTt 

©SBb«^i:^:cTl.^V^, 7i7^h (a) 
-X^j-Jh (y) ©2ffl^T*©^S*t, yffltCCu 
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fflbfcfc©fc;t*.&ftSo 

[0 0 19] 3: ft, a^7x5-Y KilL^^fy 

#0.3 HM%fcl.3 ®*%©?§i&«Bi&o#SH££o^ 
T, ^fHttfeftttU Ttffitf* (A) Z&Sbtco n 

mmmt. wtcLitwunic. iomm0©#^-e*r5 
m^x$y?-K*mmLtc<D^ mneo° ©P3it#>^ io 

A (%) = { (d-do ) / do } XlOO 

T'^fefc. do rSJSBJtg , d :»J 

j£tf*Ati 120%, cu#wa*^o.3 %<Dmfc<onmfm 

A&50%T£t>, Cu#Wa^l.3 %©^-a-ttt0.3 %© 

C0020] &L±®m%imcm-3%, ^m^&ttsm 

fflJ*©»Klco^T fefid t) 3 fcfcWSfrfc: Lfco 
Cu£ft*.t\ Mo, Cr, W©3^© lSSfctt 

*^Ma*Stfai 2 JB©«£ffi«fc-r 5 ^ 

tut*, mo, cr, mam*.. Mb, n, vsa-^aawrsc: 

[0 0 2 1] *fSDlfcJ\ ±BLfc3Hj|li:S-J# % £5>fc 
^fttLT^^nfcfe©T*feS„ ^-&t>-s, *$8H©g 

&±®t, #mmx i %«±<oigt-xfw ms* 

£ty£2fflfc©«£ffl8**rrscfc*«f«i:T** 7 
UXjSrattfciWU AOATS :80MPa £U:I«:£:££I$ 

(2) (1) klfcl^T, ttaBft£tf x K*%T\ C :0. 
20%fiO\ Si : 2.0 %WT, Mn : 3.0 %tU.T. P : 0.1 
%UT. S :0.02%«T, Al : 0.3 %UT, N : 0.02% 50 
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KT, Cu : 0.5 -3.0 ^tfFefecfcD^Rljg 

ewwifc^^ftsasswr* c ££#a£f suss 

(3) (2) tcfc^Ts anEfijatinATs&k:, mm 
%T\ *a«~c» 

Af¥ :Ni : 2.0 %£TF 
T 

C&:NS, Ti % V©35©l«S;fett2»K±*£ff-£ 
0.2 %JWT 

(4) (l) fcfcl^T, ttCM£tf, MM%X\ C :0. 
20%J£TF* Si : 2.0 %JMT, Mn : 3.0 %WT, P : 0.1 
%JW"K S : 0.02%JWT, Al : 0.3 %tCFv N : 0.02% 
£TF£##* Mo: 0.05-2.0 %, Cr:0.05~2. 
0 %, W: 0.05-2.0 %<Do ^frBjIfftlfc 1 SSfcti 
2a«±*-&ftT'2.0 %«T^*U BWtfFefcitf* 

rt*s*h»*» s a § c t t-r s is 

(5) (4) icts^T, mEM^tcia^xt^ mm 

%X\ Nb, TK V©3-6©iaSftl4 2«tU:*«f|-? 
0.2 %JWT^WT5Ci:*ff«i:-rsK®tt?SBffitB«> 

(6) ii%f, C :0.20%«T, Si : 2.0 %J^T, M 
n : 3.0 %J£TF, P : 0.1%tlT, S : 0.02%WT, Al : 
0.3 %WT, N : 0.02%WTs Cu : 0.5 —3.0 %*"&&• 

©■SftJWS-^IMffiEDl^aibfcO-S, (Ac. SSI 

- (Ao^jijS) ©iEH©iaetcft]j!a-r 5— 

fl/Xf&J&mcmft^ AOATS : 80MP a w±ta 

(7) (6) fcfe^r, iro-aawBHigfcMe^fc 
ct*#a4:-rsagttiSBi£iB*o#»K©«ii^r 

So 

(8) (6) sfcii (7) t*ji/->T, Huie?§®ffiiai6o 

SMffi»fco#«£©«352iffi 0 

(9) (6) *I/^L (8) (D^-ftlMOS^X. MEM 
«fc^T, K«%T\ C :0.20%J£TK Si : 2.0 %« 

Mn:3.0 %WT» P : 0.1 %tTF, S : 0.02%!^ 
Tx Al :0.3 %WT» N : 0.02%JWT^*, 
Mo : 0.05—2.0 %. Cr : 0.05—2.0 %, W : 0.05—2.0 
%<D5t>frt>Ml£titc 1 M*fctt2«fcU:*^H-i?2.0 
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[0 0 2 2] 

£*HSflc±#U ATS: 80HPa «±£&3SB#g!]iS 

it®mcmntcibi%mfoT°&z> a mmmMM%%^ io 

CO 0 2 3] *^«D^16ffiiS46o^^«tt, ffiU^Stt 

75\ MML^^T-yv-^bmttm (III) (ciot 
±ffifcti % f^^T*50%fcUi££i63ii§|i|£^ 

[0 0 2 4] *5SBJi|«T'{i, iffiT'&S, 7x7-fh 
[0 0 2 5] $fc, *^T'«, ^2ffiiiLT, 

14 (E D iUia^stt 
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5%U±tD : f'mBWm&, 150 -350 1C©IEH©iBft-e 
«Kl^mi:30sJM±Oj»«yi*J6Lfei:^. cOMI 
Mf£©§IS&£if;&pSA T S {= 0»ftiaftO5l5Ba 
S) — (^J£$&SBU<D§l§i&£) } #80MPa W-k£ft 
b%M&?Z>a &3b\ MS: L<(iA T SttlOOMPaJ^ 
±T-fe§ 0 JKDSftjflaiCiijBftJS^feiflLU AYS 

{= (.mwmo&vtfcj]) — (^sjg^woBttjs 

73) } : 80MPa ttltfUSnSCtttl^STt.^. 

[0027] si^usfl:iftt%ss-rsift&» » 

®46T^(/^Dinx^fifei3tffei#*a^ 

H\ d©l$WBa^ia*^fctffe5%^±|ll-pTl.^C 

ftHHOfi (») 5%JK 
[0 0 2 8] &*<DmSiMttWS&m^ 170 °CX20 m 

*&fc*4, ^azgS{il50 TCfitJtA^jgiSfcftSo - 
73, 350 1C*jB***ff-Ptt, *©»Jll3y«BlL, iSfc 

^mt-f^m^^t 0 sfc, 350 t^fijtaiggt 

fc46©^5aaiyS(il50 —350 "CilLfco 4*5, ^ios 
^KKOt/>Ttt. 150 -350 nCT{4fe*tyte30s8fiW 

•T££>#33:L<, < t0»Sb<tt300 slX±T*fe§ 0 
[0 0 2 9] ^^^©iifflatfe^5iPli73?£tt, i: 

X&473?4T-S§o Oft, 
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%tm? 0 

[0 0 3 0] C : 0.20%J£TF 

k> , **Mte&m.&miBmm&fr e»o . oi %&Ltzm 

t5©AW$Ll><, —7?, 0.20%%fi*S^tt,.M(ti 

mtfmmc&TtZo cor^ xsmva, cao.a) 

CO 0 3 l ] Si : 2.0 %JMT 
Sifct, ««©Stt*BKk:fiT'*-a:Sc:i:S:<, 

0, 0.1 %«_fc3*-r*©*t#£U'>. -73, *©3?fr 

fet, &o#tt£{gT£-£3 0 £©£&, S1&2.0 %JM 20 
TtBSLfc. 
CO 0 3 2] Mn : 3.0 %J£TF 

tttSomL^. COJ:-54J»*tt, 0.5 %JK_h 
4 S„ —7a, 3.0 ■ %*jB*S$WH:, 7 

TttMhfctt.O KJKTfcHfcLfc. 4*5, <fcS$?$L<« 
l.O %JW±T?£*o 

CO 0 3 3] P : 0.10%kTF 30 
P&, **5Sfl:-r«fffflA^t), *S8IBT-fct, 0.005 % 

WBT?ftPI*0.10%ttTlc|BJEL«: o &i>, «fc!)«*ifc 

^uxiajKtt*«g**ns*&ta: x o.os%wTi:-r« 

CO 0 3 4] S : 0.02%£(T 

SB, MC4*Ttt^ftA^i;T^EU $?&©S14, fig 

fftf77>^}gi±^s^^n5«^tei±, sao.oio 

%WT£-f5©#a?£Ll^o 
CO 0 3 5] Al :0.30%«T 

ai«, m(D®t&7mti,TmtQ-$ti. m<Dm&&*fo± 

-I'h^^JttfeWja^TC^T'feO, *fgfiT-«, 0.01% 
£U^frr5cfc#ifF8:U\&\ 0.30%*S^TiS«k: 
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n<r, jak^uxdtjBes^b-r*. c©fc«>, ai»o. 

30%J^TtH^bfco *fgSllT*«, AlHtfg&m© 

^-tfTiK» J f>SilK||*fToTt>«t<, cne>©fljJ&&K 
J:«aiS«.*f6WOlEHfc^Sn5o Ca^REM 

ttn^wi aureus,, 

CO 0 3 6] N : 0.02%J.^T 
7n*TSt), 0.001 %W±-Mfr«c'k3WJSU^ 

*ffrT3. CCDfctb, Ntt0.02%JMTfc(BSLfeo 4 

CO 0 3 7] Cu : 0.5 —3.0 % 

£Mg&7tStT'£& 0 Cu#*i*W).5 %*?iTt±, fci: 
*^X»H»ffl^tt*g{t£-&Tfe* ATS:80MPa 
lXt<D5m&2(Dmi!Ql*WZ>ti%:l\ C©fci6, *f|Hj§ 
T*«, Cutt0.5 %JM±0.-g-W*<gJSi:-r«. -7?, 3.0 

^k^j§#,-?e>tcsi«^®tt^s{fr^o core 

Cu&0.5 ~3.0 KKBRJELfc. i^tftA 
TS^Mnfcy^Xfig^ttt^j^S:^-B:^fci6tc{± x Cu 
tt 1.0 -2.5 %<DmHcf&<D1ffi&l,\,\ 
C0 0 3 8] ±ELfcCu*^-TS 
»J*fc:jta&T£6fc, *Ag~C8f 
A3¥ : Ni : 2.0 %tTF 

B P : Cr, Mo<D -5 "5£> 1 S3: fc« 2 ffl^ffT-2.0 
T 

CI¥:Nb, Ti, V<D3-5©l»3:fctt2«£U:£^fi-e 
0.2 %JMT 

CO 0 3 9] AP : Ni : 2.0 %WT 

*MO*^SS, *ftWtttCu##M^30~80%g^i: 
-TSOiWSLlr^ **5, 2.0 %%fflXT$SLTt, 

<t5^Ci:A^, Ni«2.0 %ttTtcfSt1"50itiWSL 

CO 0 4 0] B8f:Cr, HoOd "5© 1 m^fcit 28*^ 
ffT-2.0 %WT 



13 

B»:Cr, Mofcfc, ^'ftl$>UntmMlzm*&{t?2>i'pm 
^WLT&t), &SfcJSi:g3RLT^rT£3 0 Lfr 
L, Cr, Uo<Do*><D lif fctt 2 
;tT#*rr6fc, ^^X^1t*MgT-r§o £©£&, 

%J-XTfcl®£ir3©tf$r$U>o &*5, 7UX&(DWL<!Z 
frZCrtt 0.1%«±, Mot4 0.1%«±i:-r?,Ci:^S 

[0 0 4 1] C?¥:Nb, Ti, V<D«©ll£/:(i2l 
tLL*£ItT*0.2 %JUCF 

C^:Nb, Ti, Vt4, U^fnfeKfk*»j«7C*Tf*»), 
£*&WHRLT£#T?£So LfrU Nb, Ti, V©?^ 
fc, :7VXtfJBtt#*fM-<5. £©fc£, Nb, Ti, V© 

•5 -s© i as tea 2au±^tf-To.2%JUT(eii£-r 

SCi:W$U> 0 &*5, Nbfi0.01%W±, TH±0.01% 
W±» V&o.Oi%W±fc«rs;:fcT\ ±ELfc«jR** 
ftlfcf#-5Cfc#T*£o 

[0 0 4 2] *fgBJiT*{4, Cufcft^T,. Mo : 0.05 

—2.0 %, Cr : 0.05—2.0 %, W : 0.05—2.0 %<T>o*> 

frzmifnrz i as itt* 2a«±££ffT-2.o %jwt# 

Mo : 0.05-2.0 %, Cr : 0.05—2.0 %, W : 0.05—2.0 
%© b ZMlf tltt 1 a$ fc (i 2 «JJLh*£W-T?2 • 0 

Mo, Cr. WSl/vfnfc, ffl&©^Bf#J®{t (^S»H» 

fP^fcfc^Tft&Sg&TtfftTfe !3HRLTMT't 

^ 0 cne>Mo, cr, woia$fc«2aj^±^#*-? 

S 5C7ji7^ hffifcj&MLv^x^lMr-JSfre 

iyf^fflfc^&s^iii&fc.l-acfcfc^, 5%JW 
±©^£©tfiinfcffii^asgfc«k»K iSt-Xrt-T 
h v;l/x >+r-r h ££B§jg£Ag u £ £> tc£B§j&£j|g 
Lfcv;l/x>-»M h*£ffilBK<b1ft©£8§jS{g£fKffl«r 
a*«iBc •)» ATS: 80MPa «±©3l513SS©ilMiQjWt 

5»n^ 0 cn&7c*©#w«*^ti^no.o5%*}ST' 

fc, ATS: 80MPa JfcU:©3liB3itS©liin«:»6n4 

£©fc#>, *5fflTI4, Mo, Cr, W«^n^n0.05 
%#±-a-*rrsCfctf#i:U\, -7?, Mo, Cr, 

n^n2.o%*sx.T^-*LTt>, a&affftfnb^w* 

lsXI& : &&(D£it%m< 0 £©£&, Mo, Cr, Wtt^tl 

^no.05-2.0 %icijb£u * p.tc^nstD^tf^a 

fc2.0 %«Tfcffi£-T£C (_,(,\, 
[0 0 4 3] ±f2L7cMo, Cr, W©iai:fcfi2 

aw±%#£-f 3S/£tc;taAT££t;:, Mb, Ti, v©5 
^© 1 «S;fctt 2S«±*#3rT?2.0 %WT^-T-5C 
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Nb, Ti, V<D-5-6©l«Sfctt2«JliU:*^W-e2.0 % 

Nb, Ti, Va^-fnfe, MWMotIIT'&O, Mo, C 
r, W© l fltefctt zfflJS^fc-Sfrrsfc^lo&gfcjS 
i;g^LT-g-^"T#^ 0 LfrL, Nb, Ti, V©5"5©1 

•a*fc(4 2aw±*^H-p2.o %^x.r#w-r-5i:, :/ 

UXj£JB&#£rt:-r3o £©fc&, Nb, Ti, Vtt^trT* 
2.0 %JMTEE£-T U\> Mo, Cr, W© 1 

io a*fc«2aJW±*#^L, $e»tcne»Nb, ti, v© 

W hffitilL^l/f^.Y h fcfrS>&.5±fflfcS@ 
UttflKSSSnrSc!)* ATS :80MPatU:©3l3g&£. 

©ifto^&n^o c©«ta*ja«%»afei6fcH:, ^ 

n^fnNb«0.01%J^±, Titt0.01%JM±, V 140.01 %w 
5 C fc $ L '< , 1 a $ tc It 2 *W±*&g 
20 fcfSCj|!!RLT-&*n?*So 

[0044] ±fSLfcfig^a^fc, fc < tcmmh 

T^&l^tf, B :0.1 %«T, Ca:0.1 %WT, Zr : 0. 
1 %£TF, REM :0.r%JWT^F*^LTfeaA/&RIH 

M»TS.S. ^WfitW^Wfcfc LTtt. Sb : 0.01%J^ 
T, Sn:0:l %WT, Zn:0.01%WT, Co: 0.1 %J£TF 

[0 0 4 5] O^C, *^©^lf!S^A6otilS©S 
3g73&fcoi.^TiJi^-rSo *^©}gifcffiiB46o#39« 
30 t4, ±ffiLfcffljfc&*rrS»Kfc» Aci*«jfiW±©a 

gfc AnSi l fc©%s?p-r ^ -^ajfiaig** l fc^, 

©— ffiigE©jggttD^-r5~^MSXgfc, OV^T'ffl 

aigfc^iracfig-rcfctcit), «it-r*©^»$L 

[0 0 4 6] ftfe, <Iffl-r3ii«(4, fiSflS, 
40 tOt / >T, JKTfcKWr*^ *#eHJ§T-«CtlfclS££ 

« (^ES) ©ifKlftSig^atcoi^Tgi^-r-Sc ffiffl 

fc^6fca^sig?4T-sii-ra©>()Wsn/^^, is«a x 
•ras^fttip^, ?$aibft(/^T-, ?§it© s$T'ipi^jp 

fcffA-Ti., ^3iH4t)-r>©^**5Cftofc^k:it 
■^fcffE-r^iiiifiEE • K&ESftfc*©^*;!/^-:/ 
50 D-tX^F ( gMft<^fflT*t5 0 
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[0 0 4 7] S*\ m# (1777) fciuSiU &H9E 

fr?£<icmmit%<,\ 443, ff S UMRgfcfrttTB 
©£43D-z?££o 

: 900iCJj(± 

££#900 T*iST*H:, ffiEWStfiftfcU iFlffl^ 
©h77;b5640fel!tobit«j*:-rs 0 443, ifefc£ft<Di8 10 

S£i:fit"-5£-efe4i,\, 
CO 0 4 8] t±±E.&mTUm : 700 TOT 
{t±E@*$7*&gFDT£700 TOT£t5 H tlc£ 

&-tem®Mwm?tmz>zLk.i$T?*z>o {±±e 20 
zztt&iz. immm<0BEm&wm<i3:*). mm 

?%Ctfrt>, «BElgOFDTtt700 V&l_k£?Z><D 

[0 0 4 9] : 800 TOT 

#1«S*CTH:, 800 °CUT£?2><Dtf#£L<. «fct) 
£?$L<f±200 TOTT'&5„ CT#800 TfcfifcS 

•T3l«|p]£43o 443, CT#200 T*}££:43i:, 01 30 

[0050] zo^st, ^wpwsstcffiffl-etss^ 

«f7iBS:700 1CW±i:^-53»rBIEi£*flfiU 800 T« 
T#S L < £200 rJM±<0S3aa*T?##lR d 

E^©E^S*ffi»T5;fc»KttJ:ES©— SSSfc 
T'fc&o 443, S}#E@C»^£D»3f^ao.25~0.10<D 

[0 0 5 1] X^-;l/3JW*LfcSS<OSSa£SK: 

u as*»Krta»ftJi*»««-a:T 

txfc^^o f*9SI5g{h:B<DJgfi£«, Si, Mn, p^©a®iifk 
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[0052] ftiigT-a, saisicjsraEgfcsarro 

T*#tU±*=fc<, £: <£SI££ft4^#, MEI^OE 
T*fct40%JW_kfc1- 5 C Ll/\, ET^A S '40%* 

[0053] -^jaiwaa±sic43^aMS». Acti 

*OT, »SL<tt (A&gilSj6-50T) £K>ft 
t*'»SU>. ibD&& Ms^OTOZ&g$T'10°C/sW± 

[0054] 443, *v*mmtLz, mi&mffiEm& 
a&s 7?ioic/sw±«?&ai3atTft?&f & c t t «t k> , 

r% «6tAc.s«js~Ac3aaisjS©iafi«iciin« % « 

[0055] i^mssxmicisvz. mm, mmm 
t>\ Ac.»^*ffiT-{i, mmx-XTi-* btmzti 

4i/\ Sfc, *D^, ■SJfSS^Acj^ffi^SA^i:, 
43tt 5 inja, «itiast± a c. a cj SlfijSosfi 

[0 0 5 6] Z«lllf Ac, «~Ao ElfS 

[0057] -xmsmzmztitcmmt. m^x^ m 



(10) 
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a : 450 -500 °C) T'J; < , fc < t«Bl*fttt|SSf S 
LfrU 8s4gfc:;£i§-e©a&o#t4, #>o£ 

fc, 450 TC*SST?<Di&oSli, tb-oZft&tD&itt^? 

fi, »»EIB*&o#fcyi<0Sftfr53OO t$T'<D^ai^ 
ft*. 5 IC/sfiUifc-rsc 10 

co 05 8] ^^nmm, imicfcvmmm 

&{fcjfiSH\ jgSffii»^y+«yi^ 450 -550 °C(DM 

ftA^so •c*sn?tt, s&itcDmmm<£mmmT 
f -7d, 550 °c*sx.si:, fco^fttttfawfrrs 

[0 0 59] . -a#{b«iamtt, 5 t/ s a±©?# 20 

aaftT-300 "csT-^-rsctfjfSLi^o ^ftMa 

M«yiie4:}Sl»3g»i6offIiS©liB£x -35JKMEJII 

$U^. -«»cj;t), 83ffi3?SCt4, 
PtfSHtU f:fc. Si. Mn, Cr#A^fbt)t LTztfkt- 

SlciOltSU *©»©iiaSiaBilBi&o#5-fy-p 30 

C0060] »isffiSBi6o*«yiie^ 

[0 06 1] 

inm&n mmm d mi K^-rfSM<omm^^T 40 

W^Wy^y (CAL ) T\ i2t^ftT-:>! 

(cgl ) t% m2\CKt&ftT'-%mmjM*ff?t£ 

£fr?£&MiXg£fifcL;fc 0 ftfc, -ffi©il«fci& 50 
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[oo62]*^ c»e«) -£t>\zmm 

ffim^-fy (cal ) t% a 2 icTFtikftT*- ymsmx 
a**u sita*, «R«»asBfto*7'i'> (cgl 

ts, ®wiMm&^zymxm*MLtc 0 o^t% *2tc 

[0063] -^w»«mis*«fe-a5©afiK 
aM^^iBtoot^-o (cgl ) ?<D—Agmm 

14. CGLAffl0©^*tCTfrofc o &}s, EiBi&o* 
££(4460 -480 ^©igBkU a*t3»K©gfi 
(4, «>o#i8iaW±, GSiB+10 °C) WTkLfco * 
fc, ££{t:&yi(4, 480 -540 "COiBSttHtSiPfft 
U *©i!ftfcl5~28sW«Jf Lfc, -&^{b®a 
ft©ftJJljift{4lO°C/s kLfco cn&AoSrWKK 
tt. *6k:i.O %©BMffig*iftLfco. 
[0 0 6 4] ±SELfcXg«J:9£5ttfciSlBffi»J&o# 

m& mm) tov>r, umiBML ?i?s#tt, ^b#%® 

f'hfcJ;tfv;Ux>+)-Yh©ffl^^{co^Tt4, fg^ 
i000ff©»rffiia^¥K*ffli/''T, ffl^BrJciO^&fi^ 

I^X^(C«MoK aWgftfflU 7i7^ htB© {ill 
} , {200 } , {221 } (D&m<D®ffixm&miCttT 
§SS*-Xft-f m<D {200 } . {220 }, {311 

(2) ?l?g^tt 

» snfc«ff^'&; j is 5^\mMmfr*Emj5faic& 

fT-T573lRltS3JU J IS Z2241©^tc?peaLT?l^ 
K»*ffI/\ K^^YS, lia»*TS» tttfEl% 

(3) iPsa&Hfciftt 

»enfc«Mf*»6» JIS 5 93l3iK«fr*JES73iRi»£:iS 
fT-r^73fRJtcS^L, ^EJg (31®^) kLT5%© 
^14^0*#^.T, Ol/^T'250 TX20 min©f^ffla*Sg 

Lfc©-&. ?i!is^*iygL, ^Mam©3i?S!ffi m 

VlfctlYS* . 3l?|^^TSn ) AYS=YS 
™ - YS, ATS = TSn -TS^iCtHLfco Y 
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s. , ts. iz^m—mmmmomwLfojj, sm&z 

So 

(4) ftffitf^ 
£JFS T 1001-1996 lcmmLX10ma$<D^y^fj^ 
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fc„ ftmfmXli, A (%) = { (d-d. ) / d» I 
xioo T-XtbTco fcfe, do rfflfliftg % 

d : tuna4^ortAS-pa&«o 

[0 0 6 5] iinB©gM3(cSto 
CO 0 6 6] 



ft 

No 










<t ^ i£ # OtM%) 


CC) 


C 


Si 


Bn 


P 


s 


Al 


N 


Cu 


Ni 


Cr. Ko 


Kb. Ti. V 


Ac, 


Ac, 


A 


a oe 


0.72 


2.05 


0.01 


0.003 


0.032 


0.002 


1.48 








715 


875 


B 


0.07 


0. 52 


2.22 


0.01 


a ooi 


0.033 


0.002 


L44 


0.62 


Ho:0.15 




720 


870 


C 


0.09 


0.77 


1.85 


0.01 


a (km 


0.028 


0.002 


L28 


a 55 


Cr:0.15 




725 


875 


D 


0.08 


0.65 


1. 95 


0.01 


0.005 


0.032 


0,002 


US3 


0.42 




Nb:aOt T1:0: 01. T:a01 


715 


870 


£ 


0.07 


0.55 


2.05 


0.01 


a 004 


0.033 


0.002 


0.14 








715 


875 


F 


0.08 


0.70 


2.22 


O.01 


a 003 


0.033 


a 002 


0. 72 








715 


870 


G 


0. 07 


0.68 


1.85 


0.01 


0.005 


0.036 


0.002 


0. 95 








715 


875 


H 


0.08 


0.77 


2.05 


0.01 . 


0.O03 


0.032 


0.002 


1. 45 


0.75 






715 


870 


I 


0.09 


0.80 


1.85 


0. 01 


a 002 


0.028 


0.002 


1.29 




Cr:0.12 




720 


875 


J 


0.07 


0.75 


2.05 


0.01 


0. 005 


0.030 


0.002 


L38 




Mora 15 




715 


8T0 


K 


0. 08 


0.68 


1. 95 


0.01 


0.003 


0.025 


0.002 


1.40 






NbiO. 01 


720 


875 


L 


0. 07 


0. 70 


2.10 


0.01 


0.004 


a 030 


0.002 


1.35 






Ti:0.01 


715 


870 


M 
N 


0.08 


0.75 


1.80 


0.01 


0.002 


a 031 


0.002 


1.25 






V:0.01 


725 


870 


a 09 


0. 68 


2.00 


0.01 


0.003 


0.035 


a 002 


1.35 


0.60 


Cr:0.Uto:0.l5 


Hb:0.01 ,7:0.01 


710 


875 



(0 0 6 7] 



30 [S2] 
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22 



10 



25 



m 

Ho tnm 



CC) 



1250 



1KB 
1250 



1250 



1250 
1250 



1250 



PUT 



850 



850 



850 



850 
850 



850 



850 



850 



850 



850 
850 



600 



800 



600 



600 



600 
600 



600 
600 



850 



BOO 



1.2 
1.2 
1.2 



1.2 
4.0 



4.Q 



ttJt 



70 



4.0 



70 



70 
70 



1.2 



1.2 
1.2 



1.2 
1.2 



CAL 



CAI 



CAL 



torn 
set 



880 



CAL 



CAL 
CAL 
CAL 
CAL 



880 



■C/s 



20 



20 



20 



70 
70 



CAL 
CAL 



CAL 
CAL 



•880 



880 



880 



880 



20 



20 



#0 



*0 



WO 



MO 



^0 



CGL 



CGL 



CGL 



mo 



Mo 



mo 



mo 



MO 



MO 



MO 



M0 
MO 



MO 



MO 



CGL 



CGL 



CGL 



JCn» 
aft 



800 



780 



ism 



as 



20 



800 



820 



800 



800 



CGL 800 



CGL 



800 



800 



CGL 800 



CGL 800 



20 



CCL 



CGL 



"C/s 



ME 



JET* 



500 



CGL 



CGL 



CGL 



CGL 



CGL 



CGL 



10 
10 



10 



10 



10 



500 



500 



500 



500 
500 



1.0 



1.0 



1.0 



1.0 



1.0 



500 



500 



S00 



1.0 



1. 0 



1.0 



[0 0 6 8] 



* H3] 




Kira 



[0 0 6 9] #IPJ§0iM, ^-Tnt, i&l^fftfE 1 t± 

tfm x ats avh* < % 7vxi&b&. m. 



m # 



lES^L^I 

E5SB2JI3I 
E~£E2I 

Epgpl 

ESSUIi'f 
ESSftOl 
lE^.'i'l 
lES^i^l 



lES^JI 

lEssna 

IH^iEi 

lE^SJEJ 
IE&3RM1 
! E£2E&| 
ESiHiOISl 
ES&flil 
E^TSI 

Ei^ii 



50 



1Ctftffl»Lfc©-6, tt±ffi£l*7?gg : 900 

£ : 600 1Cfrsa4HEg*S6f JSaciSCJ: t), «JP 

4.0mm ©SiSSi^ mmS) tLtc 0 3i*a#. ens 

%sui# a&£$) t^gfe, »miff5i*ft-r?&gxgic 
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)r\ m5icmt&ftT*-$mmxmitmLrc 0 sit 
mz, mwmie&stob.-Dit^jy (cgl ) r\ sst^ 
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[0 0 7 0] Ctie>cQ^£S6£5rfo 
[0 0 7 1] 
[«4] 



91 

No 












it i 






CC) 


c 


Si 


Hn 


P 


s 


Al 


N 


Cr. Mo. 


W 


ffl>. Tf. Y 


Aci 


Ac, 


2-A 


a 07 


0.77 


2.00 


a oi 


0.003 


a 033 


0.002 


Cr;0.20.Ho:0.43 




715 


870 | 


2-B 


a 08 


0.S5 


2.22 


a of 


0. 001 


a 033 


0.002 


Ho:CL33 


ffl>:0. 04.7:0.05 


720 


865 


2-C 


a os 


0.75 


1.80 


a oi 


0.004 


a 020 


0.002 


Ho:a48 


Nb:0.05.Ti:0. 03 


725 


880 


2-D 


0.09 


0.63 


1-98 


a oi 


a 005 


a 025 


0.002 


*:0.54 




715 


865 


2-E 


0.07 


0.65 


2. 02 


a oi 


a oo3 


a 033 


0.002 


Mo:a 36 


Ti:0. 05 


715 


875 


2-F 


0.08 


a 70 


1.30 


a oi 


a oos 


0. 035 


0. 002 


Cr:0. 50 


tfb:0. 05 


715 


865 


2-G 


a 07 


0.58 


2.08 


a oi 


0.004 


a 032 


0.002 






715 


865 


2-H 


0.08 


0.75 


2.22 


a oi 


0.004 


0.022 


0.002 


Mo:0.35 




715 


870 I 


2-1 


0.08 


a 77 


1.98 


a oi 


0.003 


0.032 


0. 002 


Cr:0. 25 




710 


860 


2-J 


0.07 


a 68 


2. 05 


0101 


0.002 


0. 035 


0.002 


Mo:0.15. Cr:ai0 .?:0.I1 




720 


865 


2-8 


0.09 


0.70 


1.98 


0.01 


0.001 


a 028 


0.002 


Ho:0. 25 .Cr:0. 10 


V:0. 05 


71S 


865 


[0 0 7 2] 


• * 


K5] 









i 




Mi 
















M 








as 






CC) 






U 


a : W 


u 

m 


I* 


Si 


if 






IS 












it W 










% 






■C/s 




M 


•c 


Ha 










% 


2-1 


2-A 


1250 


850 


600 


1.2 






CAL. 


880 


20 


wo 


CGL 


780 


20 


CGL 


10 




500 


1.0 


2-2 


2-B 


1250 


850 
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